The objective of this study was to develop a simple, efficient, precise and accurate reverse-phase HPLC method for the simultaneous determination of metformin in combination with gliclazide in newly formulated tablets. Chromatographic determination was performed on a reversed phase C 18 column (2.6 mm x 250 mm; 5 µm particle size) using a mixture of buffer (1 ml of orthophosphoric acid with 1 ml triethylamine upto 1000 ml with HPLC grade water) and methanol at the ratio of 60:40 as mobile phase at a flow rate of 1ml/min. The UV detection was set at 230 nm. Under the developed conditions, good separation of the analytes was achieved. The calibration curves were linear with coefficient correlation between 0.998 to 1.0 for both drugs over a concentration range of 1 to 50 µg/ml for metformin hydrochloride and 0.16 to 8 µg/ml for gliclazide. The method was also validated in terms of precision (RSD = 0.06 to 3.22%) and accuracy (percent deviation = 0.049 to 2.602%). The proposed method was applied for the analysis of these analytes in newly formulated tablets and potencies were found to be 99.41±0.24% for metformin hydrochloride and 99.77±0.37% for gliclazide which were acceptable.
INTRODUCTION
Metformin hydrochloride, an insulin-sensitizing biguanide used to treat type-2 diabetes, has been shown to be as effective as insulin or sulfonylureas when used as monotherapy. [1] [2] [3] [4] [5] For many patients with type 2 diabetes, monotherapy with an oral antidiabetic agent is not sufficient to reach target glycaemic goals and multiple drugs may be necessary to achieve adequate control. 6 In such cases a combination of metformin hydrochloride and one of the sulfonylureas is used. 7 The fixed dose combination of gliclazide (80 mg) and metformin hydrochloride (500 mg) once or twice daily with meals to a maximum of 4 tablets per day (depending upon the glycemic control) showed significant efficacy in improving the glycemic control in type 2 diabetics. 8 Gliclazide is a second generation sulphonylurea that is widely used in the treatment of patients with type 2 diabetes because it has similar efficacy to other sulphonylureas but a lower risk of hypoglycaemia. [9] [10] Many methods have been reported in the literature for the estimation of metformin hydrochloride and gliclazide individually. [11] [12] [13] [14] [15] However, there is no simple method has been reported for the simultaneous estimation of metformin hydrochloride with gliclazide. The complexity of the multicomponent dosage forms is that multiple entities and excipients poses considerable challenge to the analytical chemist during the development of assay procedure. In the early part of this century, colorimetric and spectrophotometric methods were used for drug analysis due to reasons of economy and easy availability. These methods, however, are used to a lesser extent today because they lack specificity, sensitivity and accuracy. For the simultaneous estimation of the drugs present in multicomponent dosage forms, HPLC method is considered to be most suitable since this is a powerful and rugged method. 16 Analysis of the ingredients of the combined dosage form sometimes requires two separate sample preparations due to large differences in the label claims. In the present work, however, although large differences existed in the label claims of the ingredients of this dosage form, the analysis were performed with the same sample preparation.
MATERIALS AND METHODS
Active drugs and Reagents. Metformin hydrochloride (Aicon Bioscience Limited, India) and Gliclazide (Zhejiang Huayi Pharmaceuticals Co. Limited, China) were kind gift from Eskayef Bangladesh Ltd. Potassium dihydrogen phosphate, sodium hydroxide, methanol, triethyl amine were purchased from merck, Germany, ortho-phosphoric acid and acetonitrile were purchased from sigmaAldrich, Switzerland.
Instrumentation
and chromatographic condition. A Shimadzu integrated high performance liquid chromatographic system was used for this experiment. This system equipped with a SCL-10AVP system controller, LC-10ATVP quaternary gradient pump, SPD10AVP detector, CPO-10ASVP column oven, DGU-14A degasser and a SIL-10ADVP auto sampler controlled by CLASS-VP software. The octadecyl silyl (C18) -Xterra (Waters, Ireland), pH resistant (2.6 mm x 250 mm; 5 µm) column was used. Initially a photodiode array detector (Waters Alliance HPLC systems, Waters, USA) was used and the wavelength for both drugs (metformin hydrochloride and gliclazide) were determined at 230 nm simultaneously. The run time was set for 20 minutes at a flow rate of 1 ml/ minute. Selection of mobile phase. Initially water and acetonitrile were used at 45:55 and 55:45 ratio as mobile phase. Finally mixture of prepared buffer and methanol were used as mobile phase at the ratio of 60:40 at ambient temperature using a flow rate of 1.0 ml/min and run for 20 minutes.
Preparation of buffer solution. The buffer solution was prepared in 1000 ml volumetric flask with 900 ml of HPLC grade water (Sartorious, arium 611, Ultrapure water systems, Germany), 1 ml of triethylamine, and 1 ml of orthophosphoric acid. The final volume was made upto 1000 ml with HPLC grade water and mixed well. This solution was filtered through 0.22 µm filter paper and degassed properly. Then the prepared buffer and methanol were used at different ratios for the selection of desired mobile phase.
Preparation of diluent (Phosphate buffer: pH 7.4). 27.22 g of potassium dihydrogen phosphate was taken into a 1000 ml volumetric flask to dissolve and diluted up to the mark with HPLC grade water. The concentration of this solution was 0.2 M. Then 50 ml of this solution was taken into a 200 ml volumetric flask and 39.1 ml of 0.2M sodium hydroxide was added. Finally the volume was made 200 ml with HPLC grade water.
Preparation of standard curve for metformin hydrochloride and gliclazide. 100 mg of metformin hydrochloride and 16 mg of gliclazide were weighed accurately into two separate 100 ml volumetric flasks to mix with 5 ml methanol to dissolve and were diluted up to 100 ml with phosphate buffer (pH 7.4) in each volumetric flask. From these solutions of concentrations of 1, 5, 10, 15, 20, 30, 40, and 50 µg/ml of metformin hydrochloride and 0.16, 0.80, 1.60, 2.40, 3.20, 4.80, 6.40, 8.0 µg/ml of gliclazide were prepared. The samples were analyzed by HPLC at 230 nm for metformin hydrochloride and gliclazide separately. Finally a standard curve was prepared by plotting above mentioned concentration versus corresponding area under the peak (Fig. 2) .
Simultaneous determination of metformin hydrochloride and gliclazide from developed formulation (tablet). Required amount of powdered tablets which contain 500 mg of metformin hydrochloride and 80 mg of gliclazide were weighed accurately and taken into 100 ml volumetric flask. 10 ml of methanol was added to dissolve and volume was made up to 100 ml with phosphate buffer (pH 7.4). 5 ml of this solution was diluted to 100 ml. The solution was filtered through 0.2 µ membrane filter before analysis by HPLC.
RESULTS AND DISCUSSION
Selection of mobile phase. A reversed-phase column procedure was proposed as a suitable method for the simultaneous determination of metformin hydrochloride and gliclazide in combined dosage form. The chromatographic conditions were optimized by changing the mobile phase composition, pH, and buffers. Separation obtained between metformin hydrochloride and gliclazide were not good, for the mobile phase consisting of water: acetonitrile = 45:55. Separated peaks were obtained after change the ratio of water and acetonitrile of mobile phase to 55:45 but the obtained peak for gliclazide was not sharp enough. Finally well distinct separated peaks were obtained when analysis was done by mobile phase consisting of buffer and methanol at the ratio of (60:40) shown in Fig. 1 (a) . Distinct and symmetric peaks were also obtained for metformin hydrochloride and gliclazide from developed formulation (Fig. 1 b) . The retention time of metformin hydrochloride and gliclazide were 2.60 and 17.04 minutes respectively. Specificity of the method. Representative chromatograms are illustrated in fig. 1(a), 1(b) . These chromatograms included separate samples of metformin hydrochloride, gliclazide and mixture of these simultaneously from standard solution and developed formulation. It showed that developed analytical method was specific for the analysis of metformin hydrochloride and gliclazide from standard mixture as well as tablet formulation. for developed formulation (tablet).
Linearity. Precision. The precision of the method (withinday variation of replicate determination) was checked by repeatedly injecting the mixture of metformin hydrochloride and gliclazide 5 times. The precision of the method, expressed as the RSD % (Table 2) and the values were found to be 0.08 -3.22 %.
Accuracy.
A standard working solutionscontaining metformin hydrochloride and gliclazide, having the final concentration of 10 µg/ml, 30 µg/ml, 50 µg/ml of metformin hydrochloride and 1.6 µg/ml, 4.8 µg/ml, 8.0 µg/ml of gliclazide were prepared. The prepared mixtures of standard solutions were injected 5 times as a test sample. From the respective area counts, the concentration of metformin hydrochloride and gliclazide were calculated simultaneously by using the detector response (Table  3) . Sensitivity. The lowest concentration of analyte detectable or quantifiable with a stated degree of reliability is commonly called sensitivity. 17 The detection limit (LOD) is the smallest quantity of analyte of which it can be said, with a given level of confidence, that it is present in the sample. The limit of detection (LOD) and the limit of quantitation (LOQ) can be determined by the equation LOD ≈ 3σ and LOQ ≈ 10σ, where, σ is the standard deviation of the response that is measured from the standard deviation of a regression line or the standard deviation of the y-intercepts of regression line.
18 the tablet excipient (Figure 1 d) . The potencies were found to be 99.41±0.24% and 99.77±0.37% of metformin hydrochloride and gliclazide respectively from the developed formulation. 
CONCLUSION
The validation study shows that the developed method is accurate, rapid, precise, reproducible and inexpensive with acceptable correlation co-efficient, RSD(%) and standard deviations which make it versatile and valuable for simultaneous determination of metformin hydrochloride and gliclazide from pharmaceutical dosage form, especially new formulated tablet. The advantages lie in the simplicity of sample preparation and the low costs of reagents used. The proposed method is simple and do not involve laborious time-consuming sample preparation. So this HPLC method can be used in the quality control department.
